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● ● RESULTS OBTAINED DURING ACCELERATED

OF THE BELL XS-1 AIRPLANE IN

AERONAUTICS

TRANSONIC

FLIGHTS

TESTS

TO A MACH NUMBER OF 0.9’2

By Hubert M. Drake, ?+liltonD. McLaughlin,
and Harold R. Goodman

SUMMARY

An acceleratedflighh program using the Bell X&l airplane has been
undertakento explore the transonic-speedrange. The flying was done by
an Air Force pilot, and the data redilctionand analysiswere made from
NACA instrumentationby NACA personnel. This
of teats obtainedup to a Mach number of 0.92
30,000 feet.

The data obtained show that the airplane
difficultiesexpected in the transonicrange>

paper-presentsthe results
at altitudesaround

has experiencedmost of the
but that it can be flown

satisfactorilyto a Mach number of at least 0.9’2at altitudeabove
30,000 feet. Longitudinaltrim changes have been e~erienced but the
forces Involvedhave been small. The elevator effectivenessdecreased
about one-halfwith increaseof Mach number frcsn0.70 to 0.87. Buffeting
has been experiencedIn level flight but it has been mild and the ass-
ciated tall loads have been
phencxuenahave been noted.

small. No aileron buzz or other flutter

INTRODUCTION

After the canpletionof the acceptancetests on the thick+lng
Bell X5-l airplane (see references1 and 2) and in order to explore the
transonic-speedrange as rapidly as possible,an acceleratedprogram has
been undertakenfor the KS-1 having the 8-percent+thickwing and the
&percenkthick tail. Because of the purpose of the program only a
limitedamount of instrumentationhas been included,and no attempt has
been made to obtain detailed investigationsof aqy variables other than
those immediatelynecessary to permit safe penetrationas rapidly as
possible into the transonic-speedrange.

The present program is a cooperativeone between Wright Field Flight
Test Division and the NACA. The airplane is flown by an Ati Force pilot,
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and the data reductionand analysis are made
by NACA personnel.

.

fran NACA instrumentation

The present paper gives some of the experimentalresults obtained
this program up to a Mach number of 0.92. The data consist, for the
most part, of time histories of mild maneuverswhich illustratethe
behavior of the airplane at transonic speeds. Sane analysis figures,
however,are includedto indicatetrends shown by the data.
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SYMBOLS

in

airplane gross weight, pounds

normal accelerationin g units

indicatedairspeed uncorrectedfor position error, miles per hour

pressurealtitude

dynamic pressure,

uncorrectedfor position error, feet

poundsper square foot

wing area (130 sqft)

tail area (26Sqft)

fre~treaml+iach number uncorrected.for position error

fre~tream Mach number correctedfor position error

()

nWairplane normal-forcecoefficient
~

tail nornml-forcecoefficient
(

Aerodynamic shear load

% )

airplane lift coefficient (Measurednormal+forcecoefficientis
assumed to equal the lift component.)

A6e change in elevatorposition, degrees

Aat change in angle of attack of stabilizer,degrees

stabilizersetting,degrees
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TEST AIRIZANE AND INSTRIJMZNTATION

The XS-1 is a rocket-propelledresearch airplane having an 8-percent-
thick wing and 6-percen&thick horizontaltail. A three-viewlayout of
the airplane is shown in figure 1, and the physical characteristicsare
given in table I. The weight conditionsof the airplane during flight
are:

Launchingweight, pounds . . . . . . . . . . . . . . . . . . . . u,365
Launching center-of~avity position (percentM.A.C.) . . . . . . 22.1
Landingweight, pounds. . . . . . . . . . . . . . . . . . . . . . 7115
Landing center-of~avity position (percentM.A.C.) . . . . . . . 27.3

Airspeed,altitude, elevatorposition,normal, transverse,and
longitudinalacceleration,shear and bending moment on the right hori-
zontal tail and bendingmoment on the right wing are recorded internally
on standardI’?ACAinstruments. In addition, airspeed,altitude,normal
acceleration,elevatorforce, elevator, stabilizer,and right aileron
angles are telemeteredto a ground stationand recorded.

The elevatorangles were measured relative to the stabilizer,and
the stabilizerangle was measured relative to the airplane center line.
The aileron angle was measured relative to the neutral position.

A calibrationof the airspeed head has been made
of 0.92 by the radar trackingmethod. The results of
are given in figure 2 as a plot of the ratio of error
correctedMach number against correctedMach number.

TESTS, RESULTS, AND DISCUSSION

up to a Mach number
the calibration
in Mach number to

In the present program the tests are made in such a manner as to
penetrate the transonicregion as rapidly as possible. Only mild
acceleratedmaneuvers have, therefore,been perfomnedand the data
obtainedhave consisted of various time histories to illustratevarious
points of interestwhich have occurredduring the tests. The data have

> not been completelyanalyzed although a few analysis figures are included
to show the trends that have occurred.

Figure 3 shows the time history of a portion of a run in which one,
two, and three rockets were tlxrnedon. The figure also compares the
values recorded in the airplane with those telemeteredto the ground
station. The comparisonsshow good agreementand it may be stated that
the differencesrecorded are less than 1 percent of the full-scalerange
of the Instrumentinvolved. Since the telemeteraccelerometerwas undamped,
reading was difficultwhen buffeting occurred;therefore,the telemetered
record of normal accelerationdoes not extend to the end of the rii (fig. 3).

CONFIDENTIAL
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●0 ●* that have occurredare plotted against Mach
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to the stabilitychanges
number. Since in a given
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rm the Mach number and-the weig~t W change rapidly, the resultsare
●

●* given for a selectedairplane normal-forcecoefficientof about 0.2.
● ● J
● The data have been obtainedfrcm two flights and include only thoee
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points around 1 g where the a
T

lar accelerationis known to be a minimum.
The pilot felt that with the 1 stabilizersetting,the large trim forces,
and the forward position of the stick precludedgoing to Mach numbers
greater than 0.88. With the stabilizerat 2.2° the pilot continuedflight
to a Mach number of 0.92. In going from a Mach number of 0.70 to 0.92,
three trti changeswere noted: an airplane pitch+bwn tendencynear 0.80,
a pitchingup above 0.87, and at 0.g2 the airplane is again showinga
pitc~own tendency.

Previous tests on conventionalfighters have usually stoppedat the
first trim change because of the large control forces Involved. However,
with the 2.2° stabilizersetting, it may be seen that the range of forces
is small (about 10 lb) although the change of elevatorposition is
abo~t 4°. In the case of the 2.2° stabilizersettingthe pilot did not ,
object to the trim changes. The forces were light because the elevators
are very small (mean chord, 0.46ft), and the flights were made at about
30,000 feet. At lower altitudes or on a larger similar airplane these
characteristicswould probably be objectionable. These flight data are
in general agreementwith data from the Langley 8-foot high-speedtunnel
and from wing flow tests of XS-1 models.

A measure of the apparent elevator effectivenessis obtainedfran
the deflectionsrequired for trim at the two stabilizersettings. The
change in the apparent elevator effectivenesswith Mach number Is also
shown in figure 4 where it is indicatedthat the effectivenessis reduced
about ~ percent when the Mach number is increasedfrcm 0.70 to 0.87.
In spite of this large reduction in elevator effectiveness,the ~eater
portion of the trim change is caused by the variation of the pitching
moment of the wing and fusekge with Mach number. This change is indi-
cated by the measwed horizontaltail loads of figure 4.

Figure 5 gives the available data on longitudinalstabilityin
acceleratedflight. The figure presents the variation of elevatorposi-
tion and force with lift coefficientas measured in turns at Mach numbers
of 0.75, 0.80, and 0.85. The data at a Mach number of 0.75 are fran
reference 1. The data in this figure show that as the Mach number is
increasedfrom 0.75 to 0.85 the apparent stabilityat low lift coeffi-
cients is increased,whereas the stabilityat high lift coefficientsis
unchanged. Some of the difference shown may be a result of the thicker
wing of the airplane of reference 1 and the change of elevatoreffec-
tivenesswith Mach number.

A time history of a turn to the stall is shown in figure 6, and a
time history of an u,nacceleratedstall is shown in figure 7. Both of

CONFIDENTIAL
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these stalls were in the clean condition. Figure 8 shows the variation
of elevatorangle with lift coefficientrecorded during the 1 g stall.

The stabilizeractuatorwas originallyset at 1° per second,but
the pilot felt that this rate was too slow for good control;therefore,
the rate was increasedto 2° per second. A time history of a stabilizer
deflectionat this new rate is shown in figure 9. The more rapid rate
of stabilizersetting caused a rapid change of accelerationand caused
the pilot to overshootthe desired settingby O.>O. After hS bec~e
accustomedto the new rate, the pilot felt that it was satisfactory.

A time history of measured quantitiesobtainedduring a turn into
the buffet region with 2.2° stabilizersetting is shown in figure 10. A
similar time history of a turn below the buffet boundaryand during an
approximatelylevel-flightrun within the buffet region with 1.OO stabi-
lizer incidenceis shown in figure 11. The aerodynamicwing and tail
loads presentedare measured values correctedfor inertia loads. Figure 12
shows the envelope of lift and Mach number ccinbinationsobtainedwithin
the buffet region for a stabilizersetting 2.2°. Ltiit lift ~s been
determinedfrom measurementsin which lift ceased to increasealthough,
as shown in figure 7, increasingup elevator is being applied. These
data were obtained in level flight or gradual turns and are for a stabi-
lizer setting of 2.2° only. Although buffetinghas been encounteredin
level flight, it has not been severe enough to prove bothersometo the
pilot. The maximum buffetingtail loads were obtainedat limit lift
from a Mach number of 0.76 to 0.80 and were of the order of LkOO pounds.
At Mach numbers greater than 0.80 the buffeting loads decreasedand up
to a Mach number of 0.92 were less than Q50 pounds. Here a@inj the
low value of these loads is due in part to the altitude (30,000ft) at
which the tests were made.

There has been no evidence of one+ilmensionalflutter or “buzz” Up

to a Mach number of 0.92. In addition to the thin wing section,one
reason for the absence of buzz is the large amount of friction,about
20 foot-pounds,in the aileron-controlsystem. The aerodynamichinge
mament correspondingto a Mach number of 0.85 at 30,000 feet, neglecting
Mach number effects on the hinge mment coefficient,is about 7 foot-
pounds per degree. Although hydraulicdampers have been installed,they
have not been used.

No signs of buzz or changes in the aileron floatingtendencieshave
been reported,but the pilot has noted a right wing heavinesswhich was
first noted at about M = 0.85 and which increasedup to a Mach number
~f 0.92. Figure 13 shows the right aileron angle plotted as a function
of Mach number, and the gradual increase in downward deflectionappears
to confirm the pilotOE observation. It was thought that one of the
spoilers located on the upper surface of the wing might be deflecting
‘andthus changing the airplane trim, but bolting down the spoilershad
no effect on the wing heaviness.

CONFIIEIVHAL
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The data obtainedto date on the Bell XS-1 airplane show that most
of the difficultiesexpected in the transonic-speedrange have been
experiencedand the airplane can be flown satisfactorilyto a Mach number
of at least 0.92 at altitude. Detailed conclusionsare:

1. Although longitudinaltrim changes have been experienced
between M = 0.80 and M = 0.92, the control forces associatedwith
the trim changes have been small and the pilot has been able to control
the airplane without difficulty.

2. The effectivenessof the elevatoras ccsnparedwith that of the
stabilizerin changingtrti decreasedabout ~ percent with an increase
of Mach number from 0.70 to 0.88.

3.Buffeting has been experiencedin level flight, but up to a Mach
number of 0.92 it has been very mild and the tail loads associatedwith
the buffeting have been small.

4. No aileron buzz or other flutter phenanenahave been experienced
up to a Mach number of 0.92. The airplane became right wing heavy but
could be tr~ed with aileron.
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TABLE I

PHYSICAL CHARACTERISTICSOF BELL X&l AIRPLANE

Engine . . . . . . . . . . . . . .. OO. O... R~ction Motors, Inc.
Model 6000CJ+

Rating, static thrust at sea level for
mch of the four rocket cylinders,lb . . . . . . . . . . . 1500

Propellant
F’IAOl. . . . ..O...o .C . . .. O. ODil~tedethyl alcohol
Oxidizer. . , . . . . . . . . . . . . . . . . . . .Liquidoxygen

Propellantflow (approx.),lb/see/cylinder . . . . . . . . . . . 7.9
Fuel feed. . . . . . . . . . . . . . .0 . . . . . . .Highpressure

nitrogen gas
Weight for acceptancetests

J’4aXimum -
With full load and

8 percent wing,
Minimum

Landing condition,

Wing loading

incorporating
lb . . . . . . . . . . . . . . . . . . . 12365

percentwing, lb . . . . . . . . . . . . 7000

Maximum(8percent wing with
fuelload),lb/sqft. . . . . . . . . . . . . . . . . . . . 94e4

Center-of-gravitytravel, percent Maximum 22.1 percent full
mean aerodynamicchord . . . . . . . . . load to 25.3 percent empty

Over-allheight, ft . . . . . . . . . . . . . , . . . . . . . . .10.85

Over+lllength, ft . . . . . . . . . . . .0 . . . . . . . . . .30e90

wing
Area (includingsection through

fuselage) sqft . . . . . . . . . . . . . . . . . . . . . . .130
Swn,ft . . . . . . . . . . . . . . . . . . . . . . . . ,. . . 28

Airfoil section . . . . . . . . . . . . . . . . . . NACA 65&10 (a=l)
and NACA 65Z-108 (a=l)

Mean aerodynamicchord, in. . . . . . . . . . . . . . . . . ...57.71
Location (aft of leadi~-edge

rootchord), in. . . . . . . . . . . , . . .0 . . . . , . . 6.X

Aspect ratio. . . . . . . . . . . . . . . . . . . . . . . . . . . . .6

Rootchord, ino . . . . . . . . . . . . . . . . . . . . . . . . . 74.2

co~mm ~
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TABLE I

PHYSICAL CHARACTERISTICSOF BELL XS-1 AIRPLANE - Continued
● ☛ ●

● 9’*
● ● m

● ●

Tipchord, in. . . . . . . . . . . . . . . . . . . . . . . . . . . 37.1

Taper ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . .2:1

Incidence,deg
ROOt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2.5
Tip. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1.5

Sweepback (leadingedge), deg . . . . . . . . . . . . . . . . . . 5.05

Dihedral (chordplane), deg . . . . . . . . . . . . . . . . . . . . .0

Wing flaps (plane)
Area, sqft. . . . . . . . . . . . . . . . . . . . . . . . . . 11.6
Span,ft . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.83
Chord(root), in. . . . . . . . . . . . . . . . . . . . . . . .14.84
Chord (tip), in. . . . . . . . . . . . . . . . . . . . . . ..10.58
Travel, deg. . . . . . . . . . . . . . . . . . . . . . . . . . . 60

Aileron (internalpressurebalance’)
Area (eachaileron behind hinge line), sq ft . . . . . . . . . 3.15
Span,ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.8
Travel, deg. . . . . . . . . . . . . . . . . . . . . . . . . . .=
Chord, percentwingchord . . . . . . . . . . . . . . . . . . . . 15
Root+nean-squarechord, ft . . . . . . . . . . . . . . . . . . 0.565

Horizontaltall
Area, sqft. . . . . . . . . . . . . . . . . . . . . . .
Span,ft . . . . . . . . . . . . . . . ..O . . . . . .
Aspect ratio . . . . . . . . . . . . . . . . . . . . . .
Distance frmn airplane design center of gravity

to 25 percentmean aerodynamicchord of tall, ft . . .
Stabilizertravel, deg, (poweractuated) . . . . . . . .

Elevator (no aerodynamicbalance)
Area, sqft . . . . . . . . . . . . . . . . . . . . .
Travel fra stabilizer,deg . . . . . . . . . . . . .

Roo~ean-square chord, ft . . . . . . . . . . . . . .
Chord, percent horizontaltail chord . . . . . . . . .

. . . 26.0
● .0 1.1.4
. . . . .5

● ✎ ✎ 13.3
.5 nose up
and 10 down

. ..* 5.2
● ** 16Up

and 7 down
.0. 0.464
. . . . 20

T
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Vertical tail,
Area (excludingdorsal fin), sq ft . . . . . . . .
Total height above horizontalstabilizer,in. . .
Fin

Area (excludingdorsal fin), sq ft . . . . . .
Offset frcxnthrust axis, deg . . . . . . . . .

Rudder (no aerod=o balance)
Area, sqft. . . . . . . . . . . . . . . . . .
SpanJft . . . . . . . . . . . . . . . . . . .
Travel, deg. . . , . . . . . , . . . . . . . .
Root+nean+quare chord, ft

● **.**
Chord, percent vertical tail”c~o~d” . . . . . .

●

✎

●

●

●

✎

✎

Concluded

. . . . .

● ✎✎✎☛

.**..

● ☛✎✎✎

. . . . .

.*.**

..**.

● ☛☛✎✎

✎ ✎✎☛✎

25.6
“61.25

. 20.4
● . o

. 5.2
6.58

: &J.5
0.798
. .20

-
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Figure 1.- drAwing, X8-1 airplane.
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